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TITLE OF THE INVENTION 

METHOD OF MANUFACTURING MAGNETIC RECORDING 
M|DIl^AND THE MAGNETIC RECORDING MEDIUM 

5 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates, to a method, 
of manufacturing a recording medium and the 
recording medium for use in a magnetic recording and 
10 reproduction device such as a hard disk drives 

serving as a secondary storage device of computers. 

2 . Description of the Related Art 
AtJafL- A | n recent years, there is an increasing 



,r need of high-density recording in magnetic storage 

m3 15 device knovm such as hard disk drives. In such hard 

disk drivesifor high-density recording, it is 
necessary tcA reduce the magnetic spacing, which is a 
CO space f ormed\ between a magnetic head provided in the 

magnetic disla drives and the surface of a magnetic 

S I 

Q 20 disk serving ks a recording medium in the main body 

W of the hard dAsk drives, as much as possible. In 



other words, the gap between the magnetic head and 
□ the magnetic dAsk surface, scanned by the magnetic 

head, should betas small as possible. 
25 Fig. 1 is a schematic diagram showing a 

magnetic disk drive 100 including a magnetic head 
120 and a rotatable magnetic disk 110 of the related 
art. Fig. 1 is illustrated in an enlarged view; so 
as to clearly show the layered structure of the 
30 magnetic disk 110 and magnetic spring S. 

Referring to Fig. 1, the magnetic disk has 
a multilayered structure including a substrate 111, 
an underlayer 113 formed on the substrate 111, and a 
magnetic layer 115 formed the underlayer 113. A 
35 protection layer 117 of amorphous carbon is provided 
on the magnetic layer 115. 

T*be— uiayue L ic" dlbk drive 100 doGor - ibod — 



above generally operates in accordance with the so- 
called contact-slart-stop (CSS) mode. With the CSS 
mode, a lift surmce 120a of the magnetic head 120 
contacts and slides over the surface of the magnetic 
disk 110 at the stVirt or stop phase of rotation of 
the magnetic disk 110. So the magnetic disk drive 
110 has a CSS area Within its surface. The magnetic 
head 120 contacts tAe CSS area when the magnetic 
disk 110 starts and tetops rotating. On the other 
hand, the magnetic h4ad 120 can float in the air 
with airflow caused bV the rotation of the magnetic 
disk 110 when the magnetic disk drive 100 operates. 

However, even during steady state 
operation, the magnetic head 120 may come into 
contact with the surface of the magnetic disk 110 
due to unexpected affairs. To accommodate the 
continuous contact between the head 120 and the disk 
110 when the drive starts or stops and the 
intermittent contact between the head 120 and the 
disk 110 when the head collides with unexpected 
affairs, the surface of the magnetic disk 110 should 
have both a low coefficient of friction and a high 
resistance to abrasion. 

A s described above, the magnetic disk 110 
has the luarication layer 119, which is formed by 
lubricant, pn the protection layer 117. As the 
lubricant layer 119 has influence on the friction 
and the abrasion properties of the magnetic disk 110, 
it is important to keep the lubrication layer 119 on 
good conditions for maintaining the reliability of 
the magnetic pisk drive 100. 

In the near future, still lower spacing 
between the magnetic head 120 and the surface of the 
magnetic disk 110 will be required for high-density 
recording. Thus, it is really important to keep the 
surface of the magnetic disk 110 with a low 
coefficient of friction, a high resistance to 



abrasion and water repellency over a longer period 
of time. 

However, the inside of the magnetic disk 
drive 100 becomes high temperature. Furthermore, 
the magnetic disk 110 rotates at high speed in the 
drive 100. Even under the most benign ambient 
conditions, the interior of the disk drive 100 is a 
high-temperature environment due to the high rate of 
rotation of the disk 110 relative to the head 120. 
Increasing the rate of rotation of the disk 110 
increases the centrifugal force that acts on any 
element of the lubrication layer 119; increasing the 
temperature of the disk 110 also increases the 
mobility of the elements of the lubrication layer 
119. Elements of the lubrication layer 119 thus 
tend to move towards the circumference of the disk 
110 over time, where they are more likely to be spun 
off the disk 110, so that the lubrication layer 119 
tends to become thinner as the service time of the 
disk increases. A thinning lubrication layer 119 
loses the capability of fulfilling its several roles. 
In order to prevent the lubrication layer 119 from 
losing the capability, the lubrication layer 119 
should be formed by lubricant having strong 
adsorptive property. to the surface (the protection 
layer 117) of the magnetic disk 110. 

Concerning the lubrication layer 119 on 
the protection layer 117, it is considered that the 
lubrication layer 119 consists of a "bonding sub- 
layer" 119a, which consists of molecules that bind 
strongly to the protection layer 117, and a "mobile 
sub-layer" 119b, which consists of molecules that 
bind weakly to the protection layer 117. The mobile 
sub-layer 119b tends to undergo spin off as a .result 
of centrifugal force by the disk rotation. It is 
estimated as a main reason of the thinning of the 
lubrication layer 119 as described above that the 
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mobile layer 119b tends to move to the 
circumferential part of the magnetic disk 110 and 
much mobile sub-layer 119b breaks away from the 
magnetic disk 110 in the end . 

of the lubALcation layer 119 as much as possible 
even the magnetic disk: 110 used for a long period of 
time. Thinr\ing of the lubrication layer 119 is 
associated with loss of the mobile sub-layer 119b. 
Minimizing th\e thinning of the lubrication layer is 
accomplished 3by maximizing the "bonding ratio" of 
the lubricatioVi layer, which is the ratio of the 
bonding sub-lajer 119a to the mobile sub-layer 119b. 

jj ^^>V ; Many prior arts attempted to increase the 
thickness af the bonding sub-layer 119a. By the 
prior arts,! a lubricant is applied to the protection 
layer 117 of the magnetic disk 110, and a 
ultraviolet Irays curing treatment or heating 
treatment is\ implemented on the lubrication layer 
119 (lubricant) for increasing the ratio of the 
bonding sub-l^yer 119a (the bonding ratio) . 

However, it is not enough for increasing 
the bonding ratio to implement the above treatment 
only one time . 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
present invention is to provide a novel and useful 
method of manufacturing a magnetic recording medium 
in which the problems described above are eliminated, 
Another object of the present invention is to 
provid^ a magnetic medium manufactured by the method. 

^ frfo \ The above objects are accomplished by a 
method of n\anuf actur ing a magnetic recording medium 
including steps of: a) laminating an underlayer, a 
magnetic la^er for recording, and a protection layer 
of amorphous! carbon on a substrate of the magnetic 



recording medium in turn, and b) repeating a process 
to the protectioi. layer of amorphous carbon 
comprising an apj lication process of applying a 
lubricant, a subsequent ultraviolet rays treatment 
process, and a subsequent washing process for 
removing the lubricant which is not connected to the 
protection layer df amorphous carbon plural times, 
as claim 1 describles . 

aim 1 describes, the process to the 
protection llayer of amorphous carbon comprising the 
application! process of applying the lubricant, the 
subsequent ultraviolet rays treatment process, and 
the subsequent washing process for removing the 
lubricant wttich is not connected to the protection 
layer of amotphous carbon is repeated plural times. 
Thus, it is possible to reduce the ratio of the 
mobile sub-layer and increase the ratio of the 
bonding sub-lWyer by repeating plural times one set 
of the above three process. 

y Tlhat is, the combination power between a 
surface of tthe protection layer of amorphous carbon 
and the lubricant applied on the protection layer of 
amorphous cArbon will be strengthen. On the other 
hand, the bopding sub-layer whose combination power 
with the protection layer of amorphous carbon will 
be removing Ay the subsequent wash process. Under 
the above state, it is easy to combine the lubricant 
with the surface of the protection layer of 
amorphous cardon because the lubricant is applied 
again. It is possible to increase the bonding ratio 
by repeating t^e. process. 

$)qSl^ \ t P oss: *-kle to either keep respective 
conditions \for the above respective processes same 
and repeat the process or modify a condition. For 
instance, an irradiation time in the ultraviolet 
rays (UV) treatment process can be modified based on 
a forming state of the bonding sub-layer. 



It is difficult to know exactly the ratio 
of the mobile sub-layer and the bonding sub-layer in 
the lubrication layer formed on the protection layer 
of amorphous carbon. Accordingly, in the present 
invention, the magnetic recording medium on which 
the lubrication layer is formed is washed well by 
designated solvent and the lubrication layer 
implemented the wash process is regarded as the 
mobile sub-layer. Therefore, in the present 
invention, the increase of the bonding ratio means 
increase the width of the lubrication layer 
implemented the wash process. 

3*b2£l_> claim 2 describes, it is preferred that 
the lubricant in the method as claimed in claim 1 is 
a compound of the per f luoro-polyether with an end- 
group including piperonyl or hydroxyl group. The 
bonding ra :ion can be increase precisely by applying 
the lubric mt which is a compound of the perf luoro- 
polyether tfith an end-group including piperonyl or 
hydroxyl group and implementing ultraviolet rays 
(UV) treatment process as a process to strengthen 
the combin ition with the protection layer of 
amorphous carbon. 

As a liquid lubricant which is a compound 
that is a per f luoro-polyether with an end-group 
including piperonyl group, FOMBLIN AM2001 available 
from Ausimont corp and others, more preferably 
FOMBLIN AM3001, is applicable to be used. As a 
liquid lubricant which is a compound that is a 
perf luoro-polyether with an end-group including 
hydroxyl group, FOMBLIN Zdol2000 available from 
Ausimont corp and others, more preferably FOMBLIN 
AMZdol4000, is applicable to be used. 

,1 The above objects are also accomplished by 
a method of\ manufacturing a magnetic recording 
medium including the steps of: a) laminating an 
under layer, \ magnetic layer for recording, and a 
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protection layer of amorphous carbon on a substrate 
of the magnetic Irecording medium in turn, and b) 
repeating a procless to the protection layer of 
amorphous carbonl comprising an application process 
5 of applying a lufcwricant, an subsequent heat 

treatment process! and a subsequent washing process 
for removing the lubricant which is not connected to 
the protection lader of amorphous carbon plural 
times, as claim 3 describes. 
10 jjQ&^3t is possible to either keep respective 

conditions / for the above respective processes same 
and repeat/ the process or modify a condition. For 
instance, /a temperature of heating in the heat 
treatment /process can be modified based on a forming 
15 state of phe bonding sub-layer. 

j J^fofr claim 4 describes, it is preferred that 

the lubricantSin the method as claimed in claim 3 is 
a compound of tree per f luoro-polyether with an end- 
group including hy^droxyl group. 
20 3V $^ -A ^e bonding ration can be increased by 

applying theV lubricant which is a compound of the 
perfluoro-pol^ether with an end-group including 
hydroxyl group \nd implementing heat treatment 
process as a proXess to strengthen the combination 
25 with the protection layer of amorphous carbon. 

Furthermore , the above object are also 
accomplished by a method of manufacturing a magnetic 
recording medium including the steps of: a) 
laminating Wn underlayer, a magnetic layer for 
30 recording, ind a protection layer of amorphous 
carbon on a Vsubstrate of the magnetic recording 
medium in turn, and b) repeating a process to the 
protection laWer of amorphous carbon comprising an 
application process of applying a lubricant, and a 
35 subsequent ultraviolet rays treatment process plural 
times, as claii\ 5 describes. 

Jts — e±-aim 6 d^scrib^s"; — arfe-i&—p-r-e#e r r e d - that * 
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the lubricant ih the method as claimed in claim 5 is 
a compound of tne per f luoro-polyether with an end- 
group including piperonyl or hydroxyl group. 

Furthermore, the above object is also 
accomplished by a method of manufacturing a magnetic 
recording medium including the steps of: a) 
laminating Wn underlayer, a magnetic layer for 
recording, and a protection layer of amorphous 
carbon on a isubstrate of the magnetic recording 
medium in turn, and b) repeating a process to said 
protection layer of amorphous carbon comprising an 
application pLrocess of applying a lubricant, and a 
subsequent hekt treatment process plural times, as 
claim 7 describes. 

aim 8 describes, it is preferred that 
the lubricant in the method as claimed in claim 7 is 
a compound V>f the per f luoro-polyether with an end- 
group including hydroxyl group. 

TShe other objects in the present invention 
are to provYde a magnetic recording medium having a 
lubricant l^er comprising bonding sub-layer on a 
surface of tfte magnetic recording medium and 
manufactured r>y a process including the steps of a) 
laminating an Yunderlayer , a magnetic layer for 
recording, and\a protection layer of amorphous 
carbon on a substrate of said magnetic recording 
medium in turn, \and, b) repeating plural times a 
process to the protection layer of amorphous carbon 
comprising an application process of applying a 
lubricant which is a compound of the perf luoro- 
polyether with an end-group including piperonyl or 
hydroxyl group, ana a subsequent ultraviolet rays 
treatment process, or b) repeating plural times a 
progress to the projection layer of amorphous carbon 
comprising an application process of applying a 
lubricant which is a compound of the perf luoro- 
polyether with an endAgroup including piperonyl or 



hydroxyl group, i subsequent ultraviolet rays 
treatment process, and a further subsequent washing, 
process for removing said lubricant which is not 
connected to the protection layer of amorphous 
carbon, as claim 9\ describes. 

$ht]tt^-& t he other objects in the present invention 
are to pro^Alde a magnetic recording medium having a 
lubricant layer including bonding sub-layer on a 
surface of aaid magnetic recording medium and 
manuf acturedl by a process including the steps of a) 
laminating an underlayer, a magnetic layer for 
recording, anti a protection layer of amorphous 
carbon on a substrate of the magnetic recording 
medium in turn, and, b) repeating plural times a 
process to thd protection layer of amorphous carbon 
comprising an application process of applying a 
lubricant which is a compound of the perfluoro- 
polyether with! an end-group including hydroxyl group, 
and a subsequent heat treatment process, or b) 
repeating plurat times a progress to the protection 
layer of amorphous carbon comprising an application 
process of applying a lubricant which is a compound 
of the perf luoroV-polyether with an end-group 
including hydroxyl group, a heat treatment process, 
and a further subsequent washing process for 
removing the lubdicant which is not connected to 
said protection layer of amorphous carbon, as claim 
10 describes » 

Other obj.ects. and further of the present 
invention will be apparent from the following 
detailed description when read in conjunction with 
the accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram showing a 
relationship between a magnetic head and a rotating 
magnetic disk in the magnetic disk drive of the 
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present invention . 

Fig. 2 is a diagram showing a step of an 
application process of applying a lubricant, an 
ultraviolet rays (UV) treatment process, and a 
washing process to the magnetic recording medium 
according to a first embodiment of the present 
invention. 

Fig. 3 is a view showing. a state that the 
bonding sub-layer is increasing by repeating one set 
process of an application process of applying a 
lubricant, an ultraviolet rays (UV) treatment 
process, and a washing process plural times. 

Fig. 4 is a diagram showing a step of the 
application process of applying a lubricant, a heat 
treatment process, and a washing process to the 
magnetic recording medium. 

Fig. 5 is a view showing a state that the 
bonding sub-layer is increasing by repeating one set 
process of an application process of applying a 
lubricant, a heat treatment process, and a washing 
process, plural times. 

Fig. 6A is a view showing a state that the 
bonding sub-layer is increasing by repeating one set 
process of an application process of applying a 
lubricant (I) and an ultraviolet rays (UV) treatment 
process (II) with a compound of the perfluoro- 
polyether with an end-group including piperonyl 
group as the lubricant; Fig. 6B is a view showing a 
state that the bonding sub-layer is increasing by 
repeating one set process of an application process 
of applying a lubricant (I) and an ultraviolet rays 
(UV) treatment process (II) with a compound of the 
per f luoro-polyether with an end-group including 
hydroxyl group as the lubricant; and Fig. 6C is a 
view showing a state that the bonding sub-layer is 
increasing by repeating one set process of an 
application process of applying a lubricant (I) and 



a heat treatment process (II) with a compound of the 
per f luoro-polyether with an end-group including 
hydroxyl group as the lubricant. 

'^fiTOTTTE'D DE3CR1P T1 U1M Ub THE Pk EFERfeD EMBODIMENTS *' 

A description will be described, with 
reference to Figs. 2 through 6, of principles and 
embodiments of the present invent ion . 

At first, a first embodiment of the 
present invention will be described. It is the 
first embodiment of the present invention to repeat 
plural times one set process of an application 
process of applying a lubricant, an ultraviolet rays 
(UV) treatment process, and a washing process to a 
protection layer of amorphous carbon on a magnetic 
recording medium. 

Fig. 2 is a diagram showing a step of the 
application process of applying a lubricant, an 
ultraviolet rays (UV) treatment process, and a 
washing process to the magnetic recording medium. 

In the first embodiment of the present 
invention, \a magnetic recording medium 1 

manuf acturetl by the prior art is prepared in advance. 
The magnetic recording medium 1 has a multilayered 
structure including a substrate, an underlayer 
formed on the substrate, and a magnetic layer formed 
on the underlayer. A protection layer of amorphous 
carbon is provided on the magnetic layer. The above- 
mentioned multilayered structure is the same as the 
prior arts showp in Fig. 1. 

As Fig. 2 shows, in the present invention, 
at first the magnetic recording medium 1 is immersed 
in a bath of a liquid lubricant 4 filled in a 
container 40 and an application process (I) is 
implemented by a dip method for example. By the 
above process, the liquid lubricant 4 is applied on 
the protection layer of amorphous carbon which is a 
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highest layer of the magnetic recording medium 1, so 
that a desirable lubrication layer 2 is formed. 

The liquid lubricant 4 is preferably a 
compound that is a perf luoro-polyether with an end- 
5 group including piperonyl group. The lubricant 4 
may be a compound such as FOMBLIN AM3001 available 
from Ausimont corp. The liquid lubricant 4 is 
prepared by diluting the FOMBLIN AM3001 to roughly 
0.05 wt % in fluorocarbon solvent such as FLORINATE 
10 FC-77 of Sumitomo 3M corp. The application process 
(I) by . the dip method is implemented for 30 seconds 
as a dipped time and pulling the magnetic recording 
medium 1 from the bath at 2<3 mm per second for 
instance. The useful dipping method may not be 
ypi 15 limited, a known method such as spin-coating method 

?^ and wiping method are available too. 

*j Next, as Fig. 2 shows, a ultraviolet rays 

(UV) treatment process (II) is implemented to the 
lubrication layer 2 formed on the magnetic recording 
Q 20 medium 1. By this process, it is possible to 

C§ strengthen a combination power between the 

lubrication layer 2 and the protection layer of 
amorphous carbon. That is, it is possible to 
accelerate a change from a mobile sub-layer to a 
25 bonding sub-layer in the lubrication layer 2 and 
increase a bonding ratio. 

iJ b'ft^v In the ultraviolet rays (UV) treatment 
process (it), the UV wavelength of about 200nm and 
under is itradiated to the lubrication layer 2, the 
30 duration may be set to roughly 60 seconds. It is 

possible tci combine two or more kinds of ultraviolet 
rays, whose! wavelengths are about 254nm and 185nm 
for ins^anc^ . 

. Fig. 2 A shown in the light side of the 
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35 container 40 rfcmgjily schematically shows a 

construction of theJTtsi^rication layer 2 on the 
magnetic recording mediurri>>^Thus , there are a lot 



of mobile sub-lkyers 22 whose combination power is 
weak as well as Ythe bonding sub-layer 21 strongly 
combing with the\ protection layer of amorphous 
carbon in the lunrication layer 2 formed on the 
magnetic recording medium 1, after the application 
process of applying the lubricant 4 but before the 
ultraviolet rays (bv) treatment process. It is , 
possible to change! from the mobile sub-layers to the 
bonding sub-layer ay implementing the ultraviolet 
rays (UV) treatment! process to the lubrication layer 
2. However, the moAile sub-layer is still contained 
in the lubrication l^yer after an ultraviolet rays 
(UV) treatment proce: 

In order to solve the above state, a wash 
treatment (III) is implemented by immersing the 
magnetic recording medium 1 in a bath of a solvent 6 
for washing filled in a container 60, in the present 
embodiment. The mobile sub-layer 22 whose 
combination power with the protection layer of 
amorphous carbon is weak will be removed from the 
surface of the magnetic recording medium 1 by the 
wash process. Accordingly, it is possible to 
manufacture the magnetic recording medium 1 formed 
on its surface by the lubrication layer 2 comprised 
of only the bonding sub-layer 21 substantially, as B 
in the light side of the container 60 in Fig. 2 
roughly schematically shows. 

\ *^he fluorocarbon solvent which is same one 
for diluting the above lubricant can be used as the 
solvent 6 for washing in this embodiment. The 
useful fluoroVarbon solvent may not be limited, and 
other solvent Vs available as long as it can remove 
the mobile subAlayer 22 from the surface of the 
magnetic recording medium 1. The wash process (III) 
is implemented for 30 seconds as a dipped time and 
pulling the magnetic recording medium 1 from the 
bath at 2.3 mm pea second for instance. 
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*tJel — iflurthermore, it can be accelerated to 
remove the mobile sub-layer 22 from the surface of 
the magnetic recording medium 1 if the temperature 
of solvent A for washing is roughly less than the 
boiling point (at about 25 centigrade in case of 
said FLORINA'BE FC-77) and the magnetic recording 
medium 1 is washed by an ultrasonic generator in the 
wash process . 

In the present embodiment, one set process 
of an application process of applying the lubricant 

(I) , the ultraviolet rays (UV) treatment process 

(II) , and the washing process (III) is repeated 
plural times. It is possible that the magnetic 
recording medium 1 has a designated width and to 
manufacture the magnetic recording medium 1 formed 
on its surface by a lubrication layer 2 (CI) 
comprised of only the bonding sub-layer 21 
substantially, because the above process is repeated 
plural times. In case that the above process is 
repeated plural times, for instance five times, a 
lubrication layer 2 (C2) may be manufactured by 
omitting the last process, for instance the five 
times wash process (III). It is possible to either 
keep respective conditions for the above respective 
processes same and repeat the process or modify a 
condition. For instance, an irradiation time in the 
ultraviolet rays (UV) treatment process (II) can be 
modified based on a forming state of the bonding 
sub-layer . 

Fig. 3 is a view showing a state that the 
bonding sub-layer is increasing by repeating one set 
process of an application process of applying a 
lubricant (I), an ultraviolet rays (UV) treatment 
process (II) , and a washing process (III) plural 
times. Fig. 3 shows widths of lubricant layer 
(widths of the bonding sub-layer substantially) 
measured after the surface of the magnetic recording 
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medium is washed by the solvent for washing. The 
wash process is implemented for 30 seconds as a 
dipped time and pulling. the magnetic recording 
medium 1 from the bath of fluorocarbon solvent at 
2.3 mm per second for instance. 

5JjJjj5l>In Fig. 3 a white circle shows a case in 
which the Application process and the ultraviolet 
rays (UV) treatment process are implemented one time 
according td prior arts. The width of lubricant 
layer in thijs case is about 1.25 nm. 

ji ffi \ Che respective black circles show 
according to the present invention. That is, they 
show respective cases of that one set process of the 
application! process of applying the lubricant (I), 
the ultraviolet rays (UV) treatment process (II), 
and the wasning process (III) is repeated 2-6 times. 
The respective black circles clearly show that the 
more the number of repeating the one set process 
increases, tne more numbers of the width of the 
lubricant layer increases about from 1.45 nm to 1.75 

/Hii i Accordingly , according to the present 

invention , lit is possible to manufacture the 
magnetic recording medium having a desiring width of 
the lubrication layer comprised of only the bonding 
sub-layer substantially by selecting of the number 
of repeating one set process of the application 
process of applying the lubricant (I) , the 
ultraviolet rays (UV) treatment process (II), and 
the washing process (III) . 

Similar effect as above mentioned one can 
be taken irl case of that the liquid lubricant 4 
which is a per f luoro-polyether with an end-group 
including h^droxyl group is used in the first 
embodiment oV the present invention. In this case, 
the lubricanA 4 may be a compound such as FOMBLIN 
Zdol4000 available from Ausimont corp. The liquid 
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lubricant 4 is prepared by diluting the FOMBLIN 
Zdol4000 to roughlW 0.05 wt % in fluorocarbon 
solvent such as FLORINATE FC-77 of Sumitomo 3M corp. 

Fffext / a second embodiment of the present 
5 invention villi be explained based on Fig. 4 and 5. 

It is the slecond embodiment of the present invention 
to repeat ptlural times one set process of an 
application! process of applying a lubricant, a heat 
treatment plocess, and a washing process to a 

10 protection llayer of amorphous carbon on a magnetic 
recording medium. As contrasted with the first 
embodiment in which the ultraviolet rays (UV) 
treatment process is implemented, the heat treatment 
process is implemented in the second embodiment. 

15 \±9 • .4 is a diagram showing a step of the 

application process of applying a lubricant, a heat 
treatment process, and- a washing process to the 
magnetic receding medium. Same marks are put on 
parts corresponding to one in Fig. 2 showing the 

20 first embodimer 

$k$$-L\ \ n "the second embodiment of the present 
invention, >a magnetic recording medium 1 
manufactured by the prior art is prepared in advance 
as well as in the first embodiment. The magnetic 

25 recording medium, 1 has the multilayered structure 

including a siibstrate, the underlayer formed on the 
substrate, andVthe magnetic layer formed the 
underlayer. The protection layer of amorphous 
carbon is provided on the magnetic layer. 

30 In the second embodiment ' of the present 

invention, lat first the magnetic recording medium 1 
is immersed\ in a bath of a liquid lubricant. 41 
filled in alcontainer 40 and an application process 
(I) is implemented by a dip method for example. 

35 The liquid lubricant 41 is preferably a 

compound that is a per f luoro-polyether with an end- 
group including hydroxyl group. The lubricant 4 may 



be a compound such as FOMBLIN Zdol4000 available 
from Ausimont corp. The liquid lubricant 41 is 
prepared by diluting the FOMBLIN Zdol4000 to roughly 
.0.05 wt % in fluorocarbon solvent such as FLORINATE 
FC-77 of Sumitomo 3M corp. 

A &ffi^\ T he application process (I) by the dip 
method is implemented for 30 seconds as a dipped 
time and pulling the magnetic recording medium 1 
from the banh at 2.3 mm per second for instance. 
The useful dkpping method may not be limited, a 
known method\such as spin-coating method and wiping 
method are available too. 

Next, as Fig. 4 shows, a heat treatment 
process (II) is implemented to the lubrication layer 
2 formed on the magnetic recording medium 1 . By 
this process, it is possible to strengthen a 
combination power between the lubrication layer 2 
and the protection layer of amorphous carbon. That 
is, it is possible to accelerate a change from a 
mobile sub-layer to a bonding sub-layer in the 
lubrication layer 2 and increase the bonding ratio. 

A constant temperature container 70 is 
used in the heat treatment process (II) . The 
temperature inside of the constant temperature 
container 70 keeps at 100-120 centigrade. The 
magnetic recording medium 1 on which the lubrication 
layer 2 is formed is heated by keeping for about 
thirty minutes in the constant temperature container 
70 in the second embodiment. 

A wash treatment (III) is implemented by 
immersing trfrie magnetic recording medium 1 in a bath 
of a solvenA 6 for washing filled in a container 6. 
The conditions for the wash treatment in the present 
embodiment are the same as one in the first 
embodiment. It\ is possible to manufacture the 
magnetic recorckng medium 1 formed on its surface by 
the lubrication uayer 2 comprised of only the 
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bonding sub-layek 21 substantially according to the 
present embodiment . 

In the present embodiment , one set process 
of an application process of applying the lubricant 
(I) , the heat process (II) , and the washing process 
(III) is repeated plural times. It is possible that 
the magnetic recording medium . 1 has designated width 
and to manufacture the magnetic recording medium 1 
formed on its surface by a lubrication layer 2 (CI) 
comprised of only the bonding sub-layer 21 
substantially, because the above process is repeated 
plural times. In case that the above process is 
repeated plural times, for instance five times, a 
lubrication layer 2 (C2) may be manufactured by 
omitting the last process, for instance the five 
times wash process (III) . It is possible to either 
keep respective conditions for the above respective 
process same and repeat the processes or modify a 
condition, a temperature for heat process (II) for 
instance, based on a forming state of the bonding 
sub-layer . 

^J offi^ ^ Fig . 5 is a view showing a state that the 
bonding sui-layer is increasing by repeating one set 
process of \an application process of applying a 
lubricant (V) , the heat treatment process (II) , and 
a washing process (III) plural times. Fig. 5 shows 
widths of lubricant layer (widths of the bonding 
sub-layer substantially) measured after the surface 
of the magnetic recording medium is washed by the 
solvent for washing as well as Fig. 3 does. 

In Fig. 5 a white circle shows a case in 
which the application process and the heat treatment 
process are implemented one time according to prior, 
arts. The wlldth of lubricant layer in this case is 
about 0.85 ^m . 

4^T)ft0 i 'Bke — r-PQpp^t- iup^hi *r*v circles show the • 
present invention. That isT^ETr^y — siiow respective 
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cases of that onelset process of the application 
process of applying the lubricant (I), the 
ultraviolet rays Auv) treatment process (II), and 
the washing process (III) is repeated 2 or 3 times. 
5 The respective black circles clearly show that the 
more the number of Irepeating the one set process 
increases, the more numbers of the width of the 
lubricant layer increases about from 1.05 nm to 1.15 
nm . That is, the moWe the number of the one set 
10 process increases, the more numbers of the width of 
the lubricant layer \ncreases. 

Further, other embodiments of the present 
invention' will be explained based on Fig. 6. 

Undermentioned embodiments are cases to 
15 manufacture the magnetic recording medium without 

implementing the wash treatment (III) implemented in 
the first and second embodiments. 

That is, one embodiment is to repeat 
plural times one set process of an application 
20 process of applying a lubricant and an ultraviolet 

rays (UV) treatment process, and the other one is to 
repeat plural times one set process of an 
application process of applying a lubricant and a 
heat treatment process. 
25 iJ blffi \ in case of to repeat plural times one set 

process of hn application process of applying a 
lubricant and an ultraviolet rays (UV) treatment 
process, the\ wash treatment process (III) in the 
first embodiment of the present invention is not 
30 implemented arid the magnetic recording medium 1 is 
manufactured with same conditions as ones in the 
first embodiment . Therefore, an explanation based 
on figure of tl\e process steps is omitted. 

case of to repeat plural times one set 
35 process of an a^J^Hcation process of applying a 
lubricant and a heatHjreatment process, the wash 
treatment process (III) xh^the second embodiment of 
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the present invention is not implemented and the 
magnetic recording medium 1 is manufactured with 
same conditions as ones in the second embodiment. 
Therefore, an explanation based on figure about 
process steps is omitted. 

Inventors of the present invention 
confirmed that it is possible to increase the width 
of the bonding sub-layer by repeating one set 
process of the application process of applying the 
lubricant (I) and the ultraviolet rays (UV) 
treatment process or heat process (II) plural times 
without washing process (III) . 

Fig. 6 is a view showing a state that the 
bonding sub-layer is increasing by the present 
embodiment which omits the wash treatment process. 

More particularly, Fig. 6A is a view 
showing a state that the bonding sub-layer is 
increasing by repeating one set process of an 
application process of applying a lubricant (I) and 
an ultraviolet rays (UV) treatment process (II) with 
a compound of the per f luoro-polyether with an end- 
group including piperonyl group as the lubricant; 
Fig. 6B is a view showing a state that the bonding 
sub-layer is increasing by repeating one set process 
of an application process of applying a lubricant 

(I) and an ultraviolet rays (UV) treatment process 

(II) with a compound of the per f luoro-polyether with 
an end-group including hydroxyl group as the 
lubricant; and Fig. 6C is a view showing a state 
that the bonding sub-layer is increasing by 
repeating one set process of an application process 
of applying a lubricant (I) and a heat treatment 
process (II) with a compound of the perfluoro- 
polyether with an end-group including hydroxyl group 
as the lubricant. 

Figs. 6A, 6B, and 6C show widths of 
lubricant layer (widths of the bonding sub-layer 
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substantially ) measured after the surface of the 
magnetic recording medium is washed by the solvent 
for washing. 

I^ fc^ V \ n Fig.6A a white circle shows a case in 
which the application process and the ultraviolet 
rays (UV) treatment process are implemented one time 
according td prior arts . The width of lubricant 
layer in thi? case is about 1.3 nm. 

jJIgJJ^A 1 The respective black circles show 
according tb the present invention. That is, they 
show respective cases of that one set process of the 
application process of applying the lubricant .(I) 
and the ultraviolet rays (UV) treatment process (II) 
is repeated A or 3 times. The respective black 
circles clearly show that the more the number of 
repeating the We set process increases, the more 
numbers of theVwidth of the lubricant layer 
increases about\ from 1.85 nm to 1.95 nm . 

\ %n Fig. 6B a white circle shows a case in 
which the application process and an ultraviolet 
rays (UV) treatment process are implemented one time 
according toV>rior arts. The width of lubricant 
layer in this \case is about 0.95 nm. 

^jjft** \ The respective black circles show 
according tt> the present invention. That is, they 
show respective cases of that one set process of the 
application Process of applying the lubricant (I) 
and the ultraviolet rays (UV) treatment process (II). 
is repeated 2 W 3 times. The respective black 
circles clearlyk show that the more the number of 
repeating the one set process increases, the more 
numbers of the wYdth of the lubricant layer 
increases about f\:om 1.3 nm to 1.35 nm. 

v ? n Fig.6C a white circle shows a case in 
which the application process are implemented one 
time and th^ heat treatment process according to 
prior arts. \The width of lubricant layer in this 



case is about 0^95 nm . 

i^^jj— l r ^ ie respective black circles show 
according t& the present invention. That is, they 
show respective cases of that one set process of the 
application process of applying the lubricant (I) 
and the heat treatment process (II) is repeated 2 or 
3 times . The nespective black circles clearly show 
that the more tne number of repeating the one set 
process increases , the more numbers of the width of 
the lubricant laylf r increases about from 1 . 1 nm to 
1 . 2 nm . 

Therefore, it is possible to manufacture 
the magnetic recording medium 1 forming the 
lubrication layer with high ratios of the bonding 
sub-layer on the protection layer of amorphous 
carbon by repeating one set of application process 
of applying the . lubricant and the ultraviolet rays 
(UV) treatment process or heat process. 

In the meantime, there are states to use 
the compound of the per f lubro-polyether with an end- 
group including piperonyl or hydroxyl group as the 
lubricant, to implement the ultraviolet rays (UV) 
treatment process or heat process in order to 
increase ratios of the bonding sub-layer on the 
protection layer of amorphous carbon, to select the 
number of repeating the one set of the process if 
necessary, and to take or omit the wash treatment 
process, in the present invention. Accordingly, the 
width of the lubrication layer formed on the 
magnetic recording medium manufactured by the 
present invention is not constant. 

However, as Figs. 3, 5, 6A, 6B, and 6C 
mentioning the widths of the lubricant layer (widths 
of the bonding sub-layer substantially) measured 
after the surface of the magnetic recording medium 
is washed by the solvent for washing clearly show, 
it is possible to manufacture the magnetic recording 



# 



□ 

hi 



-23- 



medium forming the lubrication layer substantially 

comprised of at least lnm or more widths of the 

bonding sub-layer on the protection layer of 

amorphous carbon, according to the present invention 

5 The present invention is not limited to 

these embodiments , but various variation and 

modifications may be made without departing from the 

scope of the present invention. 

iJllSUt is poss ible to manufacture the ..magnetic 

10 recording midium forming the lubrication layer 

substantially comprised of at least lnm or more 

widths of th4 bonding sub-layer on the protection 

layer of amorphous carbon, according to the present 

invention. Basides, it is possible to make a 

15 desired width Jby properly selecting the number of 

times of the t^atment process is repeated. 

iQ ife-S^A Therefore, as compared with the lubricant 

* j \ 

layer of th>e magnetic recording medium in the prior 

s \ 

arts, the liibrication layer can be maintained under 
20 a state of a\low coefficient of friction for long 
period of times, because the width of the magnetic 
Q recording medium according to the present invention 

^ is thick and thV reduction of the width of the 

lubrication lay^p is very little with time progress 

25 
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